Introduction
In industrialized countries, cancers are the second leading cause of death in humans, just after cardiovascular diseases. 1 Breast cancer in women and lung cancer in men are the most prevalent cancers in Poland and worldwide. 1 In Poland, in 2010, breast cancer accounted for 22% of all diagnosed cancers in women and lung cancer accounted for 21% of all cancers in men. 2 Out of the 16 regions in Poland, Warmia and Mazury had the highest incidence of lung cancer in men and was 6 th in terms of the incidence of breast cancer in women in 2010. 2 The highest lung cancer mortality was recorded in men aged over 50 years old, while 50% of cases occurred after 65 years of age. 2 The highest mortality of breast cancer in women was recorded in periand postmenopause, at the age of 50-69 years. 2 Recently, an increase has been observed in the incidence of breast cancer in women aged 20-49 years. In Poland, the number of cases of breast cancer per 100,000 women increased from 20 in 1980 to 34 in 2010. 2 The development of cancer in the human body depends on the interactions between the immune system, individual genetic predisposition and outside environmental factors. 3 From among the modifiable environmental factors, lifestyle is very important, including nutrition and quality of food consumed, as well as the degree of environmental pollution, region of residence and related social and cultural conditions. 1, 4 It is estimated that the role played by diet in cancer development, depending on the location, may be at the level of 10-70%. 3 Convincing evidence has only been obtained for alcoholic drinks as a factor increasing the risk of breast cancer and for beta-carotene supplements for smokers as a factor increasing the risk of lung cancer. 1, 5 Fruit and food containing carotenoids probably decrease the risk of lung cancer. 1 There is limited evidence suggesting that nonstarchy vegetables, foods containing selenium and quercetin decrease, while red meat, processed meat, total fat, butter and retinol supplements (for smokers only) increase the risk of lung cancer. 1 Evidence of the impact of other food groups and nutrients on the risk of breast and lung cancer is limited, and no conclusions have yet been drawn. 1, 5 Because of the complex character of the daily diet, apart from estimating the impact of the consumption of individual food groups or nutrients on cancer incidence, it is important to assess food consumption comprehensively. One of the generally accepted ways of assessing the type of most commonly consumed foods is by identifying dietary patterns. 6 Currently, there are no conclusive results of research on the effects of nutrition and dietary patterns on the prevalence of breast and lung cancers, especially among Polish research in a regional perspective. Knowledge of nutritional factors associated with the risk of cancer growth is very important, both in primary and secondary prevention of cancer diseases. The similar epigenetic mechanisms of breast and lung cancers indicate common dietary causes. 7 To provide a more precise evaluation of the association between dietary patterns and the prevalence of breast and lung cancers in adult Poles, a pooled analysis of 2 casecontrol studies in north-eastern Poland was performed.
Material and methods

Ethical considerations
These studies were approved by the Bioethics Committee of the Faculty of Medical Sciences, University of Warmia and Mazury in Olsztyn (Poland), on October 2, 2013 (resolution No. 29/2013). All participants gave their voluntary and written consent to take part in the studies and were informed that the information obtained was confidential and used only for scientific purposes.
Study design and sample characteristics
These studies were conducted in years 2013-2015 among adults from the Warmia and Mazury region in north-eastern Poland. The main inclusion and exclusion criteria of the sample collection and study design are shown in Fig. 1 . All subjects had current results (obtained not earlier than 6 months before inclusion in the study) of ultrasonography (USG) and/or mammography of the breast (in women), and of a digital X-ray examination (RTG) and/or a computer tomography and/or bronchoscopy of the chest (in men). Subjects with breast or lung cancer, confirmed by a biopsy and/or histopathology, were included in the cancer sample (160 patients, including 80 women and 80 men, aged 50-70 years), and those without cancer were included in the control sample (160 patients, including 80 women and 80 men, aged 50-70 years). The control sample was matched in size, age and gender to the cancer sample. The 15 cases of nonmalignant breast cancer in women were excluded (Fig. 1) . In the end, the cancer-control sample involved 320 subjects, aged 50-70 years (61.2 ±4.7). The characteristics of the cancer and control samples are shown in Table 1 .
The cancer and control samples were chosen in a nonrandom and convenient selection. Patients with breast cancer were recruited at the surgical oncology ward of the Ministry of Internal Affairs Hospital with the Warmia and Mazury Oncology Center in Olsztyn. Patients with lung cancer were recruited at the pulmonary and oncology hospital wards in the Independent Public Complex of Tuberculosis and Lung Diseases in Olsztyn. The control sample consisted of women who came for breast screening at the Center for Prevention and Breast Diagnostics in Olsztyn, and men who came for lung screening at selected health clinics in the Warmia and Mazury region. All participants were informed of the study aim and signed the consent form to participate in the study. 
Food frequency
Information on the consumption of selected 21 food groups (Table 2) in the last 12 months before involvement in this study was obtained by the food frequency method, using an interviewer-administrated QEB questionnaire (Questionnaire of Eating Behaviors) of great internal reliability with Fleiss' kappa from 0.64 to 0.84. 8, 9 The frequency of consumption was expressed in 6 categories: never, 1-3 times per month, once per week, several times per week, daily, several times per day. The frequency of consumption was then expressed as times/day and assigned the following values: never = 0; 1-3 times per month = 0.06; once per week = 0.14; several times per week = 0.5; daily = 1; several times per day = 2.
Confounders
Respondents were asked about 3 single factors of their socioeconomic status (SES). Numerical values were assigned to each response category as follows (in brackets):
-place of residence: village (1), town with <20,000 inhabitants (2), town with 20,000-100,000 inhabitants (3), city with >100,000 inhabitants (4); -educational level: primary (1), secondary (2), higher (3); -economic status (self-declared): below average (1), average (2), above average (3). The SES index was calculated as the sum of the values assigned to the individual response categories to each SES factor. The SES index values were logarithmized, and then the tertiles of the SES were created to identify respondents with low, average, and high SES.
Respondents were asked about their physical activity at work. Numerical values were assigned to each response category as follows (in brackets): low -more than 70% of working time spent sedentary (1); average -approx. 50% of working time spent sedentary and 50% of working time spent in an active manner (2); above average -approx. 70% of working time spent in an active manner or physical work related to great exertion (3). 10 Respondents were also asked about their physical activity in leisure time. Numerical values were assigned to each response category as follows (in brackets): low -sedentary for most of the time, watching TV, reading books, walking 1-2 h per week (1); average -walking, cycling, gymnastics, gardening, light physical activity performed 2-3 h per week (2); above average -cycling, jogging, gardening, sport activities involving physical exertion performed more than 3 h weekly (3). 10 The data based on the physical activity declared at work and in leisure time was combined, then 3 categories of overall physical activity were created, with numerical values assigned as follows (in brackets): low (1); average (2); above average (3). 11 Respondents were asked about smoking currently: no (1), yes (2); smoking in the past: no (1), yes <5years (2), yes 5-10years (3), yes >10years (4); and abuse of alcohol: no (1), yes (2), defined as intake of at least 1 bottle (0.5 L) of beer, or 2 glasses of wine (300 mL), or 2 drinks (300 mL), or 2 glasses of vodka (60 mL) per day.
Statistical analysis
For the cancer-control sample, the consumption frequency (times/day) of 21 selected food groups was expressed as a mean value, and then was standardized and included in the Principal Component Analysis (PCA) with varimax rotation. 12 Three dietary patterns (DPs) were identified a posteriori based on the factor loadings for standardized mean values of food consumption frequency and Scree plot for eigenvalues of factors, and the sum of explaining the variance (Fig. 1) . The value |0.3| was accepted as the cut-off point of factor loadings, and the tertile intervals were calculated for each of the 3 dietary patterns. We compared the percentage distribution of the prevalence of breast or lung cancer in tertiles of DPs by Pearson χ 2 test with Yates' correction as necessary. The prevalence of breast or lung cancer as a categorical independent dichotomous variable in the upper and middle tertile in comparison to the bottom tertile of DPs was assessed. A logistic regression analysis was performed. The odds ratio (OR) and 95% confidence interval (95% CI) were calculated. The reference groups were subjects without cancer (OR = 1.00) and subjects in the bottom tertile of each DPs (OR = 1.00). Five models were created: model 1 -without adjustment for confounding variables; model 2 -with adjustment for age as a continuous variable; model 3 -with adjustment for age and SES index; model 4 -with adjustment for age, SES index, overall physical activity, smoking in the past and abuse of alcohol; and model 5 -with adjustment for age, SES index, overall physical activity, smoking in the past, abuse of alcohol and type of cancer. The significance of the odds ratio was assessed by Wald's statistics. 12 The statistical analysis was performed using STATIS-TICA v. 10.0 PL (StatSoft Inc., USA, Tulsa; StatSoft Polska, Kraków). A pvalue <0.05 was considered statistically significant. # PCA was performed on standardized variables (frequency of consumption expressed as times/ day) for cancer-control sample (n = 320).
Results
Food consumption frequency and dietary patterns
These studies found 3 main dietary patterns. The 'Prudent' DP was positively correlated with the frequency of consumption of: curd cheese (r = 0.67), fermented milk drinks (r = 0.60), fruit (r = 0.55), wholemeal bread (r = 0.52), vegetables, fish and fish dishes, cheese (r = 0.47), milk (r = 0.37), fruit, vegetable or vegetable-fruit juices (r = 0.36) ( Table 2 ). The 'Processed & fast food' DP was positively correlated with the consumption frequency of: instant soups, concentrated ready-made soups (r = 0.71), canned meat, fish or canned vegetable-meat (r = 0.58), alcoholic drinks (r = 0.53), and fast food (r = 0.48) (Table 2). The 'Traditional Polish' DP was positively correlated with the frequency of consumption of: potatoes (r = 0.65), sweets (r = 0.58), sweetened carbonated beverages (r = 0.39), meat and meat dishes (r = 0.30) ( Table 2 ). The shares in explaining the variance for 'Prudent', 'Processed & fast food' and 'Traditional Polish' DPs were 13%, 8% and 7%, respectively (Table 2) .
Dietary patterns and breast or lung cancer prevalence
There was a statistically significant decrease of the percentage of breast or lung cancer cases in tertiles of the 'Prudent' DP (p = 0.0010) ( Table 3 ). In the upper tertile Table 3 ). There were no significant differences reported in the percentage of breast or lung cancer cases within the tertiles of the 'Processed & fast food' DP and the 'Traditional Polish' DP (Table 3) . Two out of the 3 identified dietary patterns, 'Prudent' and 'Processed & fast food', showed a significant association with the prevalence of breast or lung cancers in a logistic regression analysis (Table 4) Table 4 ). Subjects in the upper tertile of the 'Processed & fast food' DP in comparison to the bottom tertile had almost 2-fold higher risk of breast or lung cancers (model 2: OR = 1.83; 95% CI: 1.06-3.16; p < 0.05) ( Table 4) . There was no significant association reported between the 'Traditional Polish' DP and the risk of breast or lung cancers (Table 4) .
Discussion
This work presents the results of the first study on dietary patterns and breast or lung cancer prevalence in Poland. We found a strong inverse association between the 'Prudent' DP and the prevalence of breast or lung cancer cases, irrespective of age, socioeconomic status, physical activity, smoking, abuse of alcohol, and type of cancer as confounding variables. Inversely, the 'Processed & fast food' DP was weakly associated with an increased risk of breast or lung cancers. There was no evidence of an association between the 'Traditional Polish' DP and the prevalence of breast or lung cancer in female and male adults from north-eastern Poland.
In the study, the 'Prudent' DP was characterized by a high frequency of consumption of dairy products, fruit, vegetables, wholemeal bread, fish and juices, and significantly reduced risk of breast or lung cancer (from 52% to 65%, depending on confounders incorporated into the model). A similar trend has been observed in studies conducted in many countries around the world. However, not all studies adjusted the results for the many confounders such as alcohol consumption, smoking or physical activity, as in our study. The DPs characterized by high consumption of fruit and vegetables, such as 'Plant-based', 'Fruit and salad' and 'Antioxidants', were associated with a 15-56% lower risk of breast cancer in women and with a 39% lower risk of lung cancer in men. [13] [14] [15] In a systematic review, in 10 out of 26 studies, a significant association was found between the 'Mediterranean' DP, comprised of vegetables, fruit, legumes, fish and olive oil, and a reduced risk of breast cancer in women on various continents (from 27% to 86%). 16 In a meta-analysis, in a combination of 8 case-control and 10 cohort studies, it was shown that the 'Prudent/Healthy' DP, rich in fruit, vegetables, poultry, fish, low-fat dairy and whole grains, reduced the risk of breast cancer by 11%. 17 In the Netherlands Cohort Study, the 'Salad vegetables' DP, comprised of vegetables, fruit, pasta, rice, poultry, fish and oil, reduced the risk of lung cancer by 25%. 18 This protective effect probably resulted from a high-quality diet, rich in bioactive compounds including specific peptides, fatty acids, phenolics, vitamins, minerals and fiber. Conversely, in a North American study, the 'Prudent' DP, comprised of low-fat dairy products, whole grains, vegetables, fruit, legumes and vegetable or fruit juices, increased the risk of breast cancer 1.42 times. 19 This result is contrary to conventional wisdom and to the results of other studies. In the USA, the 'Prudent' DP diet is relatively higher in carbohydrates and fat than the diet of 'Prudent/ Healthy' DPs in European countries. In some studies, there was no association found between breast cancer risk and the 'Cereals/Milk/Dairy' DP, 'Vegetable' DP and 'Prudent' DP rich in low-fat dairy products, juices, whole grains, vegetables and fruit. 13, 20, 21 The differences in these associations could result from differences in the study designs, study populations, secular trends in food supply or different definitions of 'Prudent/Healthy' diet and characteristics for their foods. 19 In these studies, the 'Processed & fast food' DP was characterized by a higher frequency of consumption of alcoholic drinks and processed food such as fast food, instant soups and canned goods, which increased the risk of breast or lung cancers almost 2 times, but this relation was weaker and disappeared after the adjustment for many confounders. Many studies performed in different countries such as Germany, Italy and Korea, did not report a statistically significant association between the 'Western' DP and breast cancer. [22] [23] [24] However, the 'Drinkers' DPs, including alcoholic beverages such as wines, beers and spirits, were associated with increased risk of breast cancer, from 12% in the California Teachers' Study, through 21% in a meta-analysis of 4 studies and 40% in Uruguayan women, to 2.5 times in French women. 13, 17, 25, 26 Alcohol is a proven risk factor for breast cancer. 1 The 'Western/Unhealthy' DPs, which were characterized by a high consumption of processed meat, fast food, canned goods, mayonnaise, butter, high-fat dairy, refined grains, sweets and alcoholic beverages, increased the risk of breast cancer from 20% in the French Cohort Study to 31% in a meta-analysis. 17, 27 In a Spanish study, the 'High-meat' DP, rich in processed meat, fried red meat and alcoholic beverages, increased the risk of breast cancer approx. 3.5 times. 21 In the Netherlands Cohort Study, the 'pork, processed meat and potatoes' DP increased the risk of lung cancer 2.67 times. 18 However, this negative effect probably resulted from a diet rich in foods with high energy density, with high glycemic index (GI) or glycemic load (GL) such as processed food, because of their high fat and sugar content. 28 The differences in associations could result, as mentioned above, from differences in the study designs, study populations, trends in food supply or different definitions of 'Western/Unhealthy' diet and characteristics of their food. 19 In our studies, the 'Traditional Polish' DP was characterized by a higher frequency of potatoes, sweets, beverages, and meat consumption, mainly as fried foods, which are typical foods in the Polish diet. There was no significant effect found for the 'Traditional Polish' DP on the prevalence of breast or lung cancers in Polish adults from north-eastern Poland. The 'Traditional Polish' DP included both food with potentially beneficial effects on health such as potatoes, and food with potentially negatively effects on health such as fried meat, sweets and sweetened carbonated beverages, which may determine its neutral character in relation to the prevalence of cancer cases. As in our studies, in many studies there was no evidence of an association between 'Traditional' DP and risk of breast or lung cancers. Dietary patterns such as the Australian 'Meat' (meat, fried dishes, cooked potatoes and pickled vegetables), the Greek 'Meat/Potatoes', the Californian 'High-protein' (meat, fried foods and fat), and the 'Ethnic' (legumes, soy-based foods, rice and leafy vegetables) were not significantly associated with breast cancer risk. 13, 14, 20 To the contrary, in Asian-American women, the 'Ethnic meat/starch' DP, comprised of vegetable soups, pork, dried and salted fish and fried rice, increased the risk of breast cancer almost 1.5 times. 29 Among Uruguayan men, the 'High-meat' DP, characterised by high consumption of meat, dairy products, eggs and desserts, increased the risk of lung cancer about 3 times. 15 Some of the 'Traditional' DPs decreased the risk of breast cancer, from 22% for the 'Traditional southern US' (cooked greens, beans, legumes, mixed vegetables, fried fish and chicken) to 47% for the 'Uruguayan' (cooked red meat, cereals, cooked legumes and tubers). 30, 31 Differences in associations between the 'Traditional' DPs and the prevalence of breast or lung cancers could result from the different characteristics of the typical foods in the diet of a given country/region.
The present study provides new and interesting insights regarding dietary patterns and breast or lung cancer risk. It was found that the protective effect of a diet composed of dairy, fruit, vegetables, wholemeal bread, fish and juices was stronger than the negative effects of a diet containing alcoholic drinks and processed food on cancer prevalence. This effect did not depend upon the presence of many confounders, which included age, socioeconomic status, physical activity, abuse of alcohol, smoking, and type of cancer. It may be supposed that a regular diet composed of dairy, fruit, vegetables, wholemeal bread, fish and juices may reduce the negative effects of the socioeconomic and lifestyle risk factors of cancer. Furthermore, we found this diet composition using a data-driven approach by drawing dietary patterns from a data-set. 12, 32 So, there is strong evidence that such dietary patterns exist in real life and may be found within Polish adults from north-eastern Poland. It is also possible that similar dietary patterns may be found among other people living in central and eastern Europe. 33 Thus, our results may go beyond national significance. Finally, these findings may be helpful in making public dietary recommendations when improving strategies to promote a healthy diet and decrease the risk of breast and lung cancer.
Study strengths and weaknesses
The major weakness of these studies is a lack of quantitative data regarding food and nutrient intake. However, current evidence shows the limitations of a single-nutrient component focus. 32 We collected data concerning the frequency of food consumption, which reflected the usual intake, and then identified the dietary patterns. Dietary patterns represent the overall combination of foods usually consumed, which together produce synergistic health effects. 32 The strength of the study was that we used the validated, interviewer-administrated FFQ of greater internal repeatability than the self-administrated FFQ. 9 Moreover, the prevalence of cancer incidence was confirmed by histopathology results. These studies were interdisciplinary studies including 2 scientific areas: human nutrition and medicine -oncology, which is rare in Polish studies. An interesting area of these studies was to show the dietary patterns and prevalence of breast and lung cancers in a pooled analysis across a wide area of north-eastern Poland.
Conclusions
There was a strong inverse relation between the 'Prudent' dietary pattern and breast or lung cancer prevalence, irrespective of age, socioeconomic status, physical activity, smoking, alcohol abuse or type of cancer in Polish adults from north-eastern Poland. For cancer prevention, one should start a diet composed of dairy products, fruit, vegetables, wholemeal bread, fish and juices. Our approach is focused on the foods and overall dietary patterns that exist in the real life of people living in north-eastern Poland, not on single isolated nutrients. So, this food-based approach is better fitted to making public dietary recommendations and individual behavioural counseling.
